A first classification for serpentine annual grasslands distributed throughout northern and central California is proposed. This study has followed the Braun-Blanquet phytosociological system based on floristical, biogeographical and bioclimatic features of the sampled areas. Numerical analyses of classification and ordination were applied to the floristic relevés. Minimum Variance Clustering grouped relevés into basic classification units that allowed us to define low-hierarchical syntaxonomical units (associations) and 'communities'. A Principal Coordinate Analysis was used to extract those ecological parameters related to the axes that separate those classification units from the previous dendrogram. The results showed that differences in species composition was mainly due to a continentality gradient and the shady effect of an overstory vegetation. On the basis of both analyses we propose a first syntaxonomic scheme on ultramafic (mainly serpentine) annual plant communities of the biogeographical Californian Region that comprises four associations, two subassociations and some provisional communities.
Introduction
Californian annual grasslands occupy extensive areas in the Central Valley and along the coast of California (Heady 1995) and are distinguished (Baker 1989 ) from north coastal California grasslands. According to several authors, similarity of species composition between these types of grasslands may be related to geographic, climatic and topographic factors. Leiva et al. (1997) showed in their study of Mediterranean annual grasslands that spatial proximity had more of an effect than did serpentine/non-serpentine parent material. Heady (1995) asserted that variation in annual grasslands was related to local differences in temperature and moisture along broad north-south transect. And for short distances species composition varies with slope aspect and soil depth (McCarten 1992) .
Large areas of serpentine grasslands are found on the coast of California, throughout the San Francisco Bay Area, and named as 'Serpentine Wildflower Field' in a study on the serpentine vegetation of this territory (McCarten 1986 (McCarten , 1987 . The extension of serpentine grasslands is limited by the patchy nature of the ultramafic outcrops, however, they constitute the vegetation cover of many different habitats, such as barrens, vernal pools, streambanks, under the spaced shrubs of chaparral fringing their bases or in their altitudinal limits extending into the lower reaches of the conifer forest belt.
Serpentine grasslands in California have a high species diversity and high levels of species endemism (McCarten 1986 (McCarten , 1992 Kruckeberg 1991; Harrison 1997) . Kruckeberg (1984) estimated that 215 vascular plants were restricted to serpentines in California of which one third were annuals. In this respect, some particular genera such as Hesperolinon, Streptanthus or Cordylanthus are highly associated to the ultramafic outcrops and are limited to a very narrow distribution. For instance, in the Coast Ranges, the complex Jurassic Franciscan basement rocks with metamorphosed serpentine intrusions and related ferromagnesian minerals is considered the center of diversity for Hesperolinon (Sharsmith 1961) . McNaughton (1968) pointed out that serpentine grasslands are more floristically diverse than sandstone grasslands, even though they are less productive in biomass. On undisturbed ultramafic soils weathered from serpentinite and peridotite with exceptional edaphic features (low nutrients, high Mg/Ca ratio and high concentrations of toxic elements such as Nickel and Chromium), native taxa have been more successful than elsewhere (Kruckeberg 1984) . These substrates support a very special habitat for native grassland fragments where the proportion of non-native species is low.
Serpentine biota in California has been a subject of multiple research directions, such as: (1) flora and endemics (Callizo & Cifton 1984; Callizo & Ruygt 1984; Crittenden & Grundmann 1984; McCormick 1984; Sommers 1984; Wolf et al. 1999) ; (2) physiological and morphological responses to serpentine soils (Turitzin 1982; Gabbrielli & Pandolfini 1984; Kruckeberg 1995) ; (3) population dynamics and structure of serpentine plant communities (Hobbs & Mooney 1985 , 1991 Huenneke et al. 1990; McCarten 1992; Moloney et al. 1992 ); (4) diversity patterns in serpentine plant communities (Harrison 1997; Harrison et al. 2000; Wolf et al. 2000) ; and (5) serpentine vegetation (Kruckeberg 1984; Brooks 1987; McCarten 1986 McCarten , 1987 Hanes 1995; Rivas-Martínez 1997; Rivas-Martínez & Sánchez-Mata 1997; Keeley 2000) .
California vegetation has been systematized in different ways according to different purposes and interests (Barbour & Major 1995; Sawyer & Keeler-Wolf 1995; Sánchez-Mata 1997) . Some recently published BraunBlanquet phytosociological studies on North America vegetation have focused only on woody vegetation, mainly on climax and potential natural communities (Peinado et al. 1995; Peinado et al. 1997a, b; Rivas-Martinez 1997; Peinado et al. 1998; Rivas-Martínez et al. 1999) . The aim of this paper is to establish a first phytosociological approach to Californian serpentine annual grasslands and to relate the community units to environmental factors and to potential vegetation.
Material and Methods

Study area
The study areas were selected following several bibliographic sources (Callizo & Cifton 1984; Callizo & Ruygt 1984; Crittenden & Grundmann 1984; Kruckeberg 1984; McCormick 1984; Sommers 1984) and the geologic map of the US Geological Survey, scale 1:2 500 000 (Anon. 1959) . In California, ultramafic soils are mainly distributed in the Coast Ranges and Klamath-Siskiyou Mountains, from Santa Barbara to the Oregon border. Some smaller patches are found along the west side of Sierra Nevada, from Tulare to Fresno Counties (Kruckeberg 1984) . We visited these areas throughout the North Coast Ranges, San Francisco Bay area, Sierra Nevada foothills, and KlamathSiskiyou Mountains (Fig. 1) .
The biogeographical Californian Region has welldefined Mediterranean-type bioclimatic belts (RivasMartínez 1997; Rivas-Martínez et al. 1999) , closely related to altitudinal and latitudinal zonation of plant communities. The bioclimatic belts can be related to, or defined by, temperature and rainfall values, and therefore can be distinguished into thermotypes and ombrotypes. Bioclimatic data from the nearest weather stations to our localities (App. 2) were taken from the bioclimatic study for North America by the abovementioned authors. We were able to recognize the following belts in our area: mesomediterranean and supramediterranean thermotypes; dry, subhumid and humid ombrotypes.
Field sampling
We followed the phytosociological methods for vegetation sampling that use the Braun-Blanquet scale for species cover-abundances and give the floristical information of sample stands in tabular form (MuellerDombois & Ellenberg 1974; Westhoff & van der Maarel 1973) . Plot size ranged from 0.25 m 2 to 4 m 2 according to the degree of environmental and vegetational homogeneity. Environmental data collected for each site included altitude, orientation, slope, and geologic substrate. UTM coordinates were determined from 7.5' USGS quadrangle maps. Also we noted the composition of nearby woody plant communities. The field stage period lasted from early spring to late summer depending on the differences in phenological features between the oceanic lowland and the inner highland grasslands. Ca. 200 relevés were taken in two field stages from March to September of 1997.
The identification of vegetal specimens was carried out in consultation with the Hickman work (1993) and it was confirmed through the collections of the Herbarium of the University of California at Davis (DAV).
Data analyses
We extracted from our total of phytosociological relevés a number of 154 that corresponded strictly to vegetation on serpentine and ultramafic rocks. They were submitted to cluster analysis and Principal Coordinate Ordination (PCoA). Two packages, Mulva-4 (Wildi & Orlóci 1990 ) and Syntax 5.0 (Podani 1994) , were used for these analyses. Braun-Blanquet cover values were transformed into the 1-9 ordinal scale of van der Maarel (1979) . For these analyses we applied a Chord Distance Index (Orlóci 1967) , which is more suitable for matrices of relevés with very few species variables and many zeros. We used Minimum Variance Clustering because it minimizes the sum of squared distances of individuals to cluster centroids, forming compact clusters without distorting the metric properties of the multivariate space. For this reason, it is an effective tool for separating plant communities (Feoli-Chiapella & Feoli 1977; Lapointe & Legendre 1994) .
A PCoA ordination with Chord Distance Index was carried out in order to evidence some relationships among relevés that appeared unclear in the classification, in order to extract those ecological parameters that separate the resulting classification groups. Each proposed association and community has its corresponding floristic table, and, finally, a synthesized table has been elaborated for each vegetation unit in accordance with the proposals of Géhu & Rivas-Martínez (1981) .
Results
Classification
We have separated 12 groups that show a particular floristic composition (Fig. 2, Table 1 ). The two first divisions of the dendrogram separate groups 1 and 2 from the rest. They are characterized by two typical serpentine species: Streptanthus polygaloides and Hesperolinon micranthum, respectively, together with other species (see Table 1 ). Differences between groups 3 and 4 are in cover indices of the two main species Hesperolinon clevelandii and Lessingia nemaclada and the presence of some companions. At a lower similarity level, group 5 is separated from groups 6 to 12. Group 5 contains relevés with a high dominance of Hesperevax sparsiflora, Hemizonia luzulifolia ssp. luzulifolia and Plantago erecta and a group of species with lower frequency. The single presence of Helianthus bolanderi and Centaurium muehlenbergii in groups 6 and 7 and the absence of common species separates them from the complex of groups 8 to 12. Although very close in the dendrogram, groups 8 to 12 do not appear to share any diagnostic species. Group 8 is mainly characterized by Lagophylla minor, Polygonum douglasii ssp. spergulariiforme, and Mimulus layneae, whereas group 9 contains the only four relevés that contain Hesperolinon drymarioides and groups 10 and 12 are basically formed by serpentine-tolerant species. Finally, group 11 seems to be defined by relevés with a high index of Clarkia arcuata.
It is interesting to note the separation of Hesperolinon species along the dendrogram. Relevés having in their composition species such as Hesperolinon micranthum, H. clevelandii or H. drymarioides are distinguished in three different groups (groups 2, 3-4 and 9, respectively) that seem to have a different ecological significance compared to the rest of the floristic composition.
Each group from 1 to 9 contains a pool of diagnostic species and, thus, may be considered as a plant community related to a low-hierarchical syntaxon. Distinction between association, and 'community' depends on the lack of enough relevés that can determine the whole distribution of the plant community. Clusters 10 to 12 will not be treated as defined communities because of the lack of information about differential species with well-defined ecological characteristics. For that reason, they were not included in further analyses.
Ordination
The ordination scattergram ( Fig. 3) showed us that axis 1 separates groups of relevés characterized by Streptanthus polygaloides (groups 1 and 8) and Hesperolinon micranthum (group 2) from groups of relevés characterized by Hesperolinon clevelandii (groups 3 and 4) and Hesperevax sparsiflora (groups 5 and 9). This axis may be related to a continental gradient in which more continental communities are positioned in the positive part and less continental in the negative part. Axis 2 distinguishes the groups of relevés with Hesperolinon clevelandii and Hesperolinon micranthum from the rest. It separates heliophilous communities in the positive part from sciophilous communities in the negative part. Helianthus bolanderi communities (groups 6 and 7) remain in the center since they are related to other environmental features, such as fluviatic currents. Thus, ordination axes seem to separate our communities into four major groups based on characteristics of continentality vs. oceanity and sciophilous vs. heliophilous. 
Syntaxonomical results. Vegetation overview
While regarding the Code of nomenclature (Weber et al. 2000) we distinguished and characterized the following vegetation types.
Group 1: Streptanthetum polygaloidis Rodríguez-Rojo & Sánchez-Mata associatio nova (holotypus ass.: Table  2b , rel. 87) and Mimulus mephiticus-Streptanthus polygaloides community (Table 2b : rels. 93-98).
Meso-and supramediterranean communities that grow in open serpentine barrens. According to the following bioclimatic classification they have been found in localities with the highest indices of continentality of our sampled area, but included in the pluviseasonaloceanic bioclimate. The altitudinal gradient, accompanied by changes in temperature and precipitation, determines the differentiation of two communities characterized by S. polygaloides along the west side of Sierra Nevada: 1. The Streptanthetum polygaloidis is a mesomediterranean association from the Sierra Nevada foot-hills dominated by the serpentine endemic S. polygaloides, and several common species, such as Eriogonum luteolum var. luteolum and Minuartia californica, and sometimes Calycadenia oppositifolia, a serpentine endemic, is present. 2. The Mimulus mephiticus-Streptanthus polygaloides community is associated to the open conifer forests with subhumid and humid supramediterranean thermotypes, and differentiated floristically from the mesomediterranean association by the presence of M. mephiticus, a supramediterranean characteristic species.
Group 2: Hesperolino micranthi-Navarretietum filicaulis
Rodríguez-Rojo & Sánchez-Mata associatio nova (holotypus ass.: Table 2b , rel. 63) and Madia elegans-Hesperolinon micranthum community (Table 2b : rels. 71-74).
Pluviseasonal oceanic, meso-and supramediterranean communities with a continental tendency, dominated by sciophytes, mainly Hesperolinon micranthum, the one widespread species in the Hesperolinon genus that occurs throughout the Coast Ranges and the Sierra Nevada foothills. This mesomediterranean association is dominated by H. micranthum and the frequent Navarretia filicaulis, with a distribution restricted to the Cascade Ranges and northern and central Sierra Nevada foothills (Day 1993 Table 2a : Companion species. Community 1a: Gilia capitata 1 in 6; Centaurea solstitialis 1 in 7; Cynosurus echinatus 1 and Briza maxima 1 in 8; Nassella pulchra + in 9; Achillea *californica 1 and Lomatium dasycarpum 3 in 13; Claytonia parviflora 1 and Claytonia *viridis + in 15; Malacothrix floccifera 1; Cryptantha microstachys 1 in 17; Aira caryophyllea 1 and Briza maxima 1 in 22; Bromus tectorum + in 23. Community 1b: Trifolium microdon 2 in 27.
Holotypus for Hesperevacetum sparsiflorae typicum: California. Alameda Co., Oakland, Redwood Road. 10SEM7384. Holotypus for Hesperevacetum sparsiflorae lasthenietosum californicae: California. San Mateo,Woodside, Jasper Ridge Preserve. 10SEM4168 Holotypus for Hesperolinetum clevelandii: California. Lake, Morgan Valley, Hunting Creek. 10SEP5101 Tables 2a-c: Relevé tables of the proposed Californian serpentine annual communities. The sign * used in the tables between generic and specific names means that the name of the species or varieties was given instead of the species following the nomenclature of Kartesz (1994) , App. 1. Characteristic species are Californian serpentine annuals and companion species are others Californian native annuals (listed in first order) and perennial and non-native taxa. Data on localities for each relevé are given in App. 3 (Electronic archives; see www.opuluspress.se). Groups 6-7: Helianthus bolanderi communities (Table  2c : rels. 105-115). Two groups of relevés characterized by Helianthus bolanderi, Centaurium muehlenbergii and C. trichanthum, corresponding to two community types associated to serpentine streambanks with temporal fluviatic currents and differing in soil texture requirements. The H. bolanderi community prefers gravelly and rocky streambanks and it is widely distributed in the North Coast Ranges, Sierra Nevada and Klamath Mountains. 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 8 8 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 Group 8: Lagophylla minor-Polygonum spergulariiforme community (Table 2b : rels. 99-104). Lagophylla minor and Polygonum douglasii ssp. spergulariiforme are two serpentine endemics with a distribution range along the Sierra Nevada and Coast Ranges (Kruckeberg 1984) . The community is dynamically related to the association Streptanthetum polygaloidis. Streptanthus polygaloides colonizes unstable substrates in depauperate communities and we hypothesize that when soils become more developed and stable, its cover decreases and Lagophylla minor and Polygonum douglasii ssp. spergulariiforme enter and constitute another community.
Characteristic species:
Group 9: Hesperolinon drymarioides community . This is a depauperate community dominated by Hesperolinon drymarioides and constitutes the sparse grasslands on very shallow soils, between the open chaparral of Adenostoma fasciculatum. This habitat contrasts with the shade preferences of other species in the Hesperolinon genus (Sharsmith 1961).
Discussion
Our phytosociological proposals to classify the serpentine annual grasslands were based on the bioclimatic gradient of continentality together with the influence of an overstory vegetation on the grassland, as the two main criteria of classification. Other physical parameters that determined the differences in species dominance and composition within this serpentine vegetation type were elevation, soil stability and soil disturbance.
According to the recently published biogeographic approach for North America by Rivas-Martínez et al. (1999) the Northern Californian province includes four sectors recognized in the study area: Klamath, Sierra Nevada, Northern Californian Coastal and Great Valley sectors. The lowest indices of continentality (Ic) belong to sites in the Northern Californian Coastal sector (App. Géhu & Rivas-Martínez (1981) . Only species present in more than two relevés are included. 2) while the highest correspond to sites in the Klamath and Sierra Nevada sectors. Our floristic data showed that the highest dissimilarities were found from the most oceanic to the least oceanic sectors. Closed habitats with shady conditions underneath appeared to be highly correlated with the presence of most Hesperolinon communities. Therefore, the protection and conservation of this Californian endemic genus might well require the preservation of the overstory shrubs.
In this work we propose four new associations but others may become defined with more studies on the provisional communities we have found. For instance, there might be some other communities with Helianthus bolanderi which may be distinguished as associations with different biogeographical patterns if more data would be available. Moreover, the undefined clusters 10-12 may contain valuable clues about the existence of other syntaxa. For example, clusters 11 and 12 with relevés from hyperoceanic grasslands of Clarkia arcuata and Hemizonia luzulifolia ssp. luzulifolia, respectively, could be dynamically related to subnitrophilous annual communities developed on disturbed serpentine soils. We may also hypothesize as to the existence of a high community diversity due to the very restricted geographic distributions of some Hesperolinon species as is the case for Hesperolinon drymarioides and H. clevelandii.
We are aware of differences that might exist between northern and southern Californian grasslands. At this point we want to emphasize that future proposals should be related to the potential natural vegetation in order to understand the dynamic patterns for the preservation of the Californian serpentine plant communities. This first draft could be a useful tool to start with phytosociological classification studies of vegetation such as, in our case, the Californian annual plant communities.
